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1FLEXURAL STRENGTH OF CONCRETE
PART I
INTRODUCTION
The data in this thesis are of value only when used to ooapare the relati>||e
strengths of different materials, and to obtain an idea of the relative increase
in the strength of conoreto of the same mixture tested at different ages.
It was therefore thought that tests on speoimens of such shape as used
throughout this thesis would replace, in a measure, the compressive tests usually
made on speoimens in the form of cubes. Then, if any relative comparison can be
drawn, it will be seen that specimens of this kind will be of value on large work
on account of the low ultimate load, since a testing machine of very high oapaoity,
as is used in cube tests, is very expensive and troublesome to rig up.
The tests pieces were prepared at the same time with large tost pieces
and were made by skilled workmen. Tests were made of about 85 small oonorete
beams, 6 by 8 in. in cross-section and 3 ft. 4 in. long. The tests were made at
the Laboratory of Applied Meohanios of the University of Illinois, under the direc-
tion of the Engineering Experiment Station, between February 11 and May 13, 1911.
PART II
THEORY AND COMPARATIVE DATA
One calculation will be sufficient to show the theory of obtaining the
Modulus of Rupture in a plain concrete beam.
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Nomenclature for the formula 8 = ~ and M = 1 vl
I *
M s bending moment due to load
S = modulus of rupture
I s moment of inertia of section =
_1 bd3where
12
b z breadth of beam
d = depth of beam
s distance from neutral axis to extreme fiber = Id
2
w s 150 lb. assumed value for 1 ou. ft. of concrete
1 r 36 in. span of beam.
A beam having an ultimate load of 3000 lb. will be taken in this oalou-
Dead toad Moment = 1 X 150 X 36 = 675 lb. - in.
8
o « JLcl = 1 X 8 = 4 in.
2 2
S 1 = Jfc and I r 1 X 6 X 8 X 8 X 8 : 256
I 12
•* = 675 X 4 s 10.5 lb. per sq. in. Modulus of Rupture due to
256
the weight of the beam.
Live Load Moment since the beam was loaded at the
_1 points is,
3
M r (3000 - 2) X 12 = 18 000 lb. - in.
3" = 18 000 X 4 = 281.2 lb. per sq. in.
256
S - S'-f S" s 10.5 -f 281.2 s 2f>2.7 Modulus of Rupture in lb. per sq. in.
The following is a discussion and figure taken from "A Treatise on Ma-
sonry Construction" by Professor I. 0. Baker, tenth edition, page 223.

op Co/77presdive dtmr/qfh
B'L
"Suppose that a tesm nsde of the eane oor.crete as that from which Fig.
I
was deduoed is loaded until the stress in the lowest fiber at the oenter is equal
to BB 1 . The total tensile resistance of the beam is then represented by the area
oBB 1
,
and the point of application of the resultant tension is at the oenter of
gravity of that area. The total compressive resistance must be equal to the area
oBB 1 , ar.d oaa' is such an area. terce the stress diagram for the ultimate
strength of the beam is a'oB', and aa' is the compression on the upper fiber at
the time of rupture of the beam on the tension side. Fig. I shows the wasteful-
ness of using plain concrete as a beam, for the compression, aa' , on the upper
fiber when the beam fails on the tension side is only about one tenth of AA', the
crushing strength of the oonorete. The area OAA' represents the compressive
strength of the concrete that is available, while the portion oaa' is used.
Construct ion rt giving results of tests made at the Structural Materials Testing
Laboratories.
Table I is taken from Professor I. 0. Baiter's nA Treatise on Masonry

4TABLE 1
TRANSVERSE STRENGTH OF CONCRETE OF VARIOUS AGGREGATES
AND AGES
MODULUS OF RUPTURE IN POUNDS PER SQUARE INCH
Ref. : Aggregate : Proportions : Consistency : Age in Weeks
No. by Volumes 4 13 26
11 o meters . i O • wet < 1 "JC1 (O • 5>Afi• (SuO p Art
medium 198 231 277
3 damp 198 225 250
4 Granite 1 : 2 : 4 wet 37 5 501 539
6 medium 475 536 566
6 damp 499 591 618
7 Gravel 1 : 2 : 4 wet 391 380 435
8 medium 451 477 520
9 damp 426 495 496
10 Limestone 1 : 2 : 4 wet 422 487 507
11 medium 458 541 566
12 damp 537 521 589
From this table it is seen that granite will give the greatest tensile
strength for the same proportion of material used, but this is usually not praoti-
oa:bJ«>n aooount of the high price of granite in most sections of the country. It
also shows that the strength increases with the age of the test pieoe, and that
the damp mixture produces the greatest strength after aging.

5Table 2 is taken from Sablns' "Cement and Concrete" and shows very
clearly the importance of having a small per cent of voids.
TABLE 2
VARIATIONS IN QUANTITY OF MORTAR
Amount of Mortar
Used as per cent
of Loose Stone
Modulus of Rupture
lb. per sq. in.
Age of : Number of Tests ?!ade
Test
31
38
47
60
247
284
350
346
: 1 year
It would seem that the voids came oloser to being filled when 47 per
cent of mortar was used. As it usually requires a very great amount of labor in
mixing to completely fill the voids the cost of labor will more than offset the
amount saved on having the ideal mixture.
The value of thorough mixing may be shown now in Table 3, which is quot-
ed from the thesis of Musser, 1909, B. S.
,
University of Illinois.
TABLE 3
VALUE 0? THOROUGH MIXING OF CONCRETE
Mixing of concrete
Turned once and baok
Turned twice and back
Turned three and baok
Turned four and baok
Nunber : Modulus of Rupture : Age of Speciment
of Tests lb. per sq. in. when Tested
3
3
8
3
290
294
306
328
1 year

8The table plainly shows an Increase in strength for an increase in thorough mix-
ing.
PART 3
DATA FROM TESTS
Th« stone used in these tests was Kankakee limestone, ordered screened
through a 1-in. screen and over a J."*"* screen. No tests were made on this stone
!
4
to determine the per cent of voids, but tests made on the same stone in 1909
show it to contain about 48.5 per cent of voids.
TABLE 4
FINENESS TESTS OF STONE
AVERAGE OF 8 TESTS MADE BETWEEN FEB. 10 AND MAR. 19, 1911
Sieve : Size of Mesh : Per Cent Passing
No. in inches
1 in. 1.000 100.00
3 » 0.750 95.14
4
1 M 0.500 57.42
2
8 « 0.375 32.80
8
No. 3 16.40
» 5 0.174 3.08
» 10 0.091 2.16
Plate I is a curve showing the relation between the size of mesh in
inches and the per oent of stone passing through.

U. Or I. 6. S. FORM 3

7The sand used In these test 3 was obtained from near the Wabash River at
Attica, Indiana. No tests were made to determine the per oent of voids in the
|
sand.
TABLE 5
MECHANICAL ANALYSIS OF SAND
AVERAGE OF 8 TESTS MADE BETIESN FEB. 6 AND MAR. 11, 1911
Sieve : Size of Mesh : Per Cent Passing
No. in inches
3 99.80
5 0.174 96.45
10 0.091 74.34
12 0.067 67.20
16 60.96
18 0.043 50.10
30 0.027 30.36
40 0.019 16.90
50 0.013 6.99
74 0.009 3.04
150 0.84
Plate II is a ourve showing the relation between the size of nesh in
inches and the per cent of sand passing through.

O. OF !. 3. 3. FORM 3

8The oement used in these tests was Universal Portland Cement furnished
by the Universal Cement Company. Table 6 shows the results of tensile tests
made at the University of Illinois Cement Laboratory on this oement.
Each value given is the average of five briquette tests
.
TABLE 6
TENSILE STRENGTH OF UNIVERSAL PORTLAND CEMENT
LOADS ARE GIVEN IN POUNDS PER SQUARE INCH
Sample
Number
t Date i 7 - day i 28 - day
: Neat : 1 : 3 : Neat : 1:3
1 Oct, 14, 1910 589 198 674 278
265 323
2 Nov. 22, 1910 684 227 709 383
3 Jan. 15, 1911 653 240 731 319
4 Mar. 24, 1911 662 214 696 284
Table 6 shows that the tensile strength of both neat cement and a 1 - 3
mixture of cement and sand increases with age.
These tests shown in Table 6 were made from briquettes of the form
recommended by the committee of the American Sooiety of Civil Engineers.
The briquettes were covered with a damp cloth until they were set.
After this they were stored in water until tested.
TEST PIECES.
The beams tested were 6 in. wide by 8 in. deep and 3 ft. 4 in. long.
They were made in wooden forms of white pine bolted securely together. The
forms rested on a piece of building paper placed directly on the concrete floor

gof the Cedent Laboratory.
The mixing was done by hand with shovels. Experienced workmen were
employed in making the test pieces. The sand and cement were placed on the con-
crete mixing floor and turned until the color was uniform throughout. The damp-
ened stone was then added and the mass turned twioe, after which sufficient water
was added to make a fairly wet mixture. The materials were measured in loose
volume and afterward weighed as a check. The concrete was placed in the form In
about '3 in. layers and then thoroughly tamped. Each beam was left in the form
7 days, being sprinkled each day during this time. After this they were stored
at the Laboratory where the temperature ranged from 60 to 70°F.
TEST OF BEAMS.
The beams were tested on a 100 000 lb. Olsen testing machine with a
speed of .02 in. per minute and on a F.lehle testing machine with a speed of .05
in. per minute.
The beams were placed in the machine as shown in Fig. I.
In all oases a piece of rubber belting and iron plate was placed be-
tween the beam and the contact points when loaded. This acted as a cushion and
decreased the rate of application of the load.
Four tests were made on beams having a span of 5 ft. and breadth of 6
in., but whose depth varied from 5 to 12 in.
PART 4
DISCUSSION
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As all the beams were made to a 1 - 2 - 4 mixture Table 7 shows only
the average Modulus of Rupture for beams of different ages.
TABLE 7
AVERAGE MODULUS OF RUPTURE
POUNDS PER SQUARE INCH FOR DIFFERENT AGES
Age : Modulus of Rupture : Number
Days lb. per sq. in. of Tests
60 275.8 27
80 317.6 24
100 282.6 14
Table 7 shows that between 60 and 80 days there Is an inorease In the
tensile strength of conorete and from 80 to 100 a slight decrease. This is prob-
ably accidental.
DESCRIPTION OF FIG. I.
The load was applied at the center of a 4 in. beam which rested on JL
2
in. rollers, each resting on an iron plate and piece of rubber belting, placed at
the
^1 points of the beam. The support of the beam was on a 4 by 6 in. by 4 ft.
3
*
pine timber which rested upon the bed of the testing machine. The test beam
rested on two supports, the tops of which were curved so the beam oould deflect
and still maintain a constant span of 3 ft.

Voo
load.
4"IBeam.
A A
WXW(4W T/mber
Side E/evation.
£nd Elevation.
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TABLE 8
MODULUS OF RUPTURE
POUNDS PER SQUARE INCH
Beam
No.
Age in
Days
Ultimate Load
lb.
: Mixture :
by Volume
Modulus of Rupture
lb. per sq. in.
1754 62 2790 1-2-4 271.2
1713 101 2725 1-2-4 260.7
1727 62 1-2-4
1716 99 4170 1-2-4 401.5
1713 3 5 2800 226.5
1747 57 2355 1-2-4 230.5
1751 63 2720 1-2-4 264.5
1701 113 2340 1-3-6 229. 5
1703 113 4330 1-2-4 415.7
1725 54 1695 1-2-4 168.5
1707 90 2245 1-2-4 224.3
1709 83 2170 1-2-4 214.0
1752 3630 349.5
1745 83 3810 1-2-4 350.0
1758 83 3465 1-2-4 344.0
1732 112 3990 1-2-4 379.5
1031,1 73 3055 1-2-4 296.5
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TABLE 8 (cont. )
Beam : Age In Ultimate Load : Mixture : Modulus of Rupture
No. Lays lb. by Volume lb. per sq. in.
—
1039-1 66
, ,
3295 1-2-4 318.5
1033-1 66 2300 1-2-4 226.5
1042-1 73 3570 1-2-4 344.5
1813 92 2280 1-2-4 220.5
1802 93 2150 1-2-4 208.5
1816 57 2655 1-2-4 263.0
1818 62 2520 1-2-4 246.5
1810 67 2190 1-2-4 215.?
1820 68 2200 1-2-4 216.5
1806 97 2670 1-2-4 260.5
1817 66 4310 1-2-4 417.0
182-2 80 3465 301.0
1809 66 3760 1-2-4 362.9
1814 77 3510 1-2-4 304.7
1819 73 4210 1-2-4 396.5
1807 73 3585 1-2-4 346.5
1822 80 2850 1-2-4 276.5
1815 59 4500 1-2-4 432.0
1811 59 3710 1-2-4 357.0
1808 105 2980 1-2-4 289.5
1812 100 2480 1-2-4 242.7
1801 102 2950 1-2-4 257.5

TABLE 8, (cont.)
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Beam : Age in : Ultimate Load : Mixture
No. Days lb. by Volume
Tfodulua of Rupture
lb. per sq. in.
1224 or 5
1231-3
1231
1211
1216
1222
1217
287.7
286.5
288.2
286.2
286,1
287.4
287.5
288.1
286. S
287 1
6
286.7
293.7
291.1
292.5
292.2
294.2
290.5
84
85
58
62
67
71
58
91
83
78
85
61
72
80
65
75
59
2710
2925
2400
3080
3020
4030
3500
2905
2650
2780
2370
2740
2330
2405
3540
3130
3825
4ii>0
2130
3385
3130
2540
2215
2760
1-2-4
-2-4
- 2
- 2
- 2
- 2
- 2
- 2
- 2
- 2
- 2
- 2
- 2
- 2
- 2
- 2
- 2
- 2
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
265.2
256.0
238.4
298.0
294.8
385.7
347.5
282.5
259.5
266.5
232.5
265.5
227.5
235.5
342.5
304.5
368.7
402.6
211.5
326.5
303.5
248.5
218.0
268.0
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TABLE 8, (oont.)
Beam : ige lr : Ultimate Load t Modulus of Eupture
No. lays lb. lb. per sq. In.
£ W O . J. CODo 91 Pfi "1 _ 9 _ A1 — a — 4 919
cyo. 4 OX 1 9 A1 — a — 4 tiif.O
IP. 5Rlf|OOlU i. — <C — 4 e ii.fi. o£ CO . J
cite
. 0, f U 4 ( d<J T O AX — ct — 4 4 0c . U
Sro.i coUO Of\A K<c04.
col. 1 04 <dU7U 1-3-4 cC4. <3
9 Q R 1
.5 £5 0. 1 03 s;4UU ^ O A1 — <£ — 4 OCR A<3 O D . J
384. <o Do ?77U 1 — S — 4 •J RO R
COO. 1 0(0 . cUC 1 - G - 4 11«
CO(2, 1 *5 oDO 3lyu 1 — B — 4 cuy. 3
r 4<d. 1 •J O7<3 •» Eft370U JL — e — 4 3o± . J
f 43,1 7o i — 53 — 4 PR? 8
f A A 1f 44 .
1
Oi <r4oU 1 - <c — 4 24? 5
a t t
r 47 . f 1 y Eon4uoU 1 — e — 4 4cy . <C
1 A A *s744. D 7y . yuu 1 - <c - 4 .I'D. J
f tO . d f 4 c-OoO 1 — — 4 Afi. R
745.1 1C1 2545 1-2-4 224.0
3-4 2675 1-2-4
OEI SECTIONS
6X5 1140 1-2-4 290.80
6X6 1680 1-2-4 294.0
6 X 10 4925 1-2-4 304.0
6 X 12 6095 1-2-4 259.0
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PART 5
CONCLUSIONS
As seen from the introduction the object of this thesis is to find out
if this shape of specimen is adaptable to field work, and whether or not these
tests can be made to replace the usual oube or compression tests.
From an economical standpoint these tests are of more use in field work,
owing to a saving in expense and heavy machinery. The value of the results ob-
tained are probably not as reliable or useful as might be obtained from cube tests
for the conditions governing a oorreot result are more numerous in the beam than
the cube tests. A slight variation in the span or' not having the beam properly
centered, etc, will govern the correctness of results. IThiie in a oube test
probably the only important oondition governing correctness of results is the var-
iation in the ingredients that make up the concrete, which oondition governs in
both cases.
On looking back at Table 7 we see that the modulus of rupture increases
with the age of the specimen for the first two ages, but that between the age of
80 and 100 days there seems to be a slight decrease. This may be due to either
one of two things, that the conditions in the conorete were not the same for all
beams or that there was not enough tests made of the 100 day beams.
In the last part of Tabje 8 is also seen that the modulus of rupture in-
crease with the depth of beam for all but the last test where a decrease is shown.
This also may be due to a variation in the conditions of the concrete.
V 1§§
- \y
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